Introduction
Classification of cell death used to classify three classes by their morphology features. Type I is programmed cell death is apoptosis, type II programmed cell death is autophagy, type III is necrosis. But studies show that there are more than three cell death mechanisms and all of them are distinct from each other. Cell death has been observed for over the one hundred years. Firstly, apoptosis was observed in 1800's but it was named in 1972. If there is a too much cell death or too little cell death, it causes pathologies such as cancer, autoimmunity disorders, neurodegenerative disorders and injury.
An irreversible loss of plasma membrane integrity and represents the final point in the cell life can definate as cell death [1] . In terms of morphological appearances, in terms of morphological appearances, in terms of functional phases, in terms of immunogenetical features are four types that is classified in cell death by Kroemer and collegues [2] .
For homeostasis, cell's number duplicates. Although in the human body cell deaths occur at the dazzling frequency of several millions per second, the subtle regulation of cell death -coupled to a perfect waste management -allows us to enjoy a peaceful existence for several years, until we are affected by disease [3] (Figure 1 ).
Which Way Do You Prefer to Death ?
Cell Death and Beyond and functioning of the immune system, hormone-dependent atrophy, embryonic development and chemical-induced cell death and inappropriate apoptosis (either too little or too much) is a factor in many human conditions including neurodegenerative diseases, ischemic damage, autoimmune disorders and many types of cancer [9] (Figure 2 ).
Figure 2:
Features of apoptosis, autophagy, pyroptosis, oncosis and necrosis [6] . 
IL-1β/IL-1B
Apoptosis is associated with rouding-up of the cell, retraction of pseudopodes, reduction of cellular volume (pyknosis), chromatin condensation, nuclear fragmation (karyorrhexis), classically little or no ultrastructural modifications of cytoplasmic organelles, plasma membrane blebbing (but maintenance of its integrity until the final stages of the process ) and engulfment by resident phagocytes (in vivo) [10] . Apoptosis requires two cells : the dying cell and the phagocyte that digests the cell dead with the help of the phagocye lysosomethe equivalent of the cell trashcan [11] . Cell surface PS exposure is a classic characteristic of apoptotic cells and it acts as an "eat me" signal which let phagocytosis of postapoptotic bodies [12] . That is why apoptosis is not a inflammatory cell death.
Apoptotic cells morphological changes are a consequence of characteristic molecular and biochemical events occurring in an apoptotic cell, most notably the activation of proteolytic enzymes which eventually mediate the cleavage of DNA into oligonucleosomal fragments as well as the cleavage of a multitude of specific protein substrates which usually determine the integrity and shape of the cytoplasm or organelles [13] and then this is followed by a characteristic breakdown of DNA into large 50 to 300 kilobase pieces an then there is internucleosomal cleavage of DNA into oligonucleosomes in multiples of 180 to 200 base pairs by endonucleases [14] .
by both directly activating caspase-3 and Bid cleavage [25] . The extrinsic pathway involves caspase-8 causing directly downstream caspases' activation, for instance caspases-3, -6, and -7, activation leading to the activation of downstream effectors caspases-3 and Poly (ADP-Ribose) Polymerase (PARP) [26] . The extrinsic pathway plays an important role in regulating the immune system. Extrinsic apoptosis targeting is essential for cancer therapy. Since TRAIL induces apoptosis in a large proportion of long-term established tumor cell lines, although yet unknown reasons is generally not toxic to normal tissue, therapeutic targeting of the extrinsic apoptosis pathways has focused first of all on reagents that stimulate TRAIL-R1 and TRAIL-R2 [27] (Figure 3 ).
Intrinsic Apoptosis
The intrinsic apoptosis pathway can be initiated by a multitude of distinct stress signals including DNA damage, ER stress, cytoskeletal destabilisation, kinase and proteasome inhibition [28] . Though the signaling cascades that trigger intrinsic apoptosis are highly heterogeneous as far as the intiating stimuli are concerned, they are all wired to a-mitochondria-centered control mechanism. The intrinsic cell death pathway is activated by a variety of apoptotic stimuli. The intrinsic pathway responds first of all to developmental marks or cellular damage and stimulates apoptosis through the Bcl-2 gene family and the initiator protease caspase-9 [29] . The rate of apoptosis is dependent on the type and power of the apoptotic stimuli and the cell type, and a minimum of several hours of activating stimulus is typically necessitated for apoptosis induction through the intrinsic pathway [30] . The intrinsic pathway, also known as the mitochondrial pathway, involves BH3-interacting domain death agonist (Bid) cleavage, mitochondrial membrane permeability, mitochondrial cytochrome c from the intermembrane space of the mitochondria into the cytoplasm through mechanisms [31] and Apoptotic Protease Activating Factor (Apaf) release, with apoptosome formation [32] . Intrinsic pathway, mitochondrial pathway switch the equilibrium in the Bcl-2 family towards the pro-apoptotic members, promoting the formation of the apoptosome, and as a result of the caspase-mediated apoptosis [33] . Caspases have influence on the mitochondria and on upstream incidents of intrinsic apoptosis, even though they are thought to act downstream of cytochrome c release [34] (Figure 4 ). Autophagy is a lysosome-dependent cellular degradation system in eukaryotic cells that allows for the bulk recycling of unwanted cytoplasmic aggregate proteins or dysfunctional organelles [36] . Autophagic cell death was originally defined as a type of cell death accompanied by large-scale autophagic vaculization of the cytoplasm and resultant vacuolated appearance [37] . Autophagy is induced by under conditions of stress such as starvation, hypoxia, heat, and drug treatment [38] . Autophagy is upregulated: (i) when cells need to mobilize intracellular nutrients, as occurring during glucose and/or amino acid deprivation; (ii) when cells need to clear potentially toxic cytoplasmic materials including damaged organelles, aggregates of misfolded proteins, or invading microbes; and (iii) when cells are under various stress conditions, for example oxidative stress, ER stress, and proteasome inhibition, and genetic or pharmacolgical manipulations, for instance transgenic overexpression of sirtuin 1, knockdown of p53, administration of rapamycin, resveratrol and spermidine, can regulate autophagy [39] . On the basis of morphological features, the term "autophagic cell death" has widely been used to indicate instances of cell death and autophagic cell death are accompanied by a massive cytoplasmic vaculation, which often though (not always) indicates increased autophagic flux [19] . Autophagy calls for the sequestration of cytoplasmic content or organelles through the formation of double-membrane vesicles, controlled by Autophagy-Related Genes (ATG) and ATG's protein products [40] . Autophagy is an evolutionarily preseved catabolic process where portions of cytosol and organelles are sequestered into a double-membrane vesicle and delivered to the lysosome for bulk degradation [41] . Autophagy has four following essential steps: initiation (induction), expansion of the autophagosome membrane, maturation of the autophagosomes, and degradation, each step calling for the orchestration of several ATG (autophagy genes) genes [42,43] ( Figure 5 ). A class I Phosphatidyl İnositol 3-Kinase (PI3K) and mammalian target of rapamycin (mTOR), which act to inhibit autophagy are inculeded the best-characterized pathways regulating autophagy [44] . The regulation of autophagy happens in two ways; signaling pathways and transcriptional and posttranscriptional mechanisms. Autophagy; when cell lack of nutrient and growth factor, cells undergo autophagy and this make cells alive during all of these conditionsowing to the ability of autophagy to recycle nutrients, maintain cellular energy homeostasis and degrade toxic cytoplasmic constituents [45] . Normal cellular function is maintained by the basal autophagy, which selfdigests damaged their own organelles and proteins by lysomome to provide nascent amino acids and nucleic acids for organelle repair and protein regeneration [46] and to meet bioenergetic needs and enable protein synthesis [47] . Autophagy is an expert mechanism which is a specialized immunologic effector and regulates congenital immunity to exert antimicrobial defense mechanisms [39] .Cancer cells have an increased autophagic activity. Autophagy's role in cancer is very complicated and still somewhat controversial; it appears to be tumor suppressive during cancer development, however it contributes to tumor cell survival during cancer progression [48] . Two major systems named the Ubiquitin-Proteasome System (UPS) and autophagy, which work cooperatively to control intracellular protein degradation and organelle turnover regulates autophagy in eukaryotic cells [49] .
Three subtypes of autophagy have been described in mammals: microautophagy, Chaperone-Mediated Autophagy (CMA) and macroautophagy [50] . There are also selective and nonselective types of autophagy such as starvation-induced autophagy; mitophagy, pexophagy, ribophagy, ER-phagy, aggrephagy, lipophagy, and xenophagy occur selective way ( Figure 6 ). 
Macroautophagy
Macroautophagy occurs at a low level constitutively and can be further induced under stress conditions, such as nutrient or energy starvation, to degrade cytoplasmic material into metabolites that can be used in biosynthetic processes or energy production, allowing for cell survival [52] . Macroautophagy maintains cell function and homeostasis by recycling damaged organelles and macromolecules and this process is thought to promote the health of long-lived cell types such as neurons and myocytes and a decline in autophagy in such cell types may contribute to the detrimental effects of aging [53] . Macroautophagy occurs all eukaryotes. Macroautophagy, often termed simply autophagy, appears to be the predominant pathway for the transfer of organelles, organelle fragments and cytosolic macromolecules into the vacuole for degradation by the numerous proteases, lipases, nucleases and other hydrolytic enzymes present inside this compartment [54] .
Macroautophagy involves the sequestration of cytoplasm into a double-membrane cytosolic vesicle, termed an autophagosome [55] . Unused proteins and damaged cellular organelles are broken down by macroautophagy [56] . Removing damaged organelles and degrading longlived or aggregate-prone proteins is macroautophagy, a process downstream of mTOR signaling involving the formation of autophagosomes to capture and transport cytoplasmic components to lysosomes [57] . Macroautophagy is a highly peserved cellular degradative process where proteins and organelles are engulfed by Autophagic Vacuoles (AVs) that are subsequently targeted for degradation in lysosomes [58] and it is characterized by the formation of double-membrane structures [59] . Though during starvation the choice of macroautophagic substrate might be less specific and rapid energy generation might be the fundamental objective, immunity to intracellular pathogens by macroautophagy should obviously target these specifically for lysosomal degradation while leaving other cytoplasmic content unperturbed [60] . The molecular machinery whic is required for macroautophagy come into existence more than 30 autophagy-related gene (atg) products [61] (Figure 7 ). 
Microautophagy
The direct invagination of the lysosomal membrane can introduce cytosolic portions into the lysosome in a type of autophagy named microautophagy [63] . Microautophagy can occur in a almost all eukaryotes including mammals, plants and fungi and lead to the degradation of portions of the cytoplasm, which may include cell organelles. A specific cargo direction into the lysosomal compartment, without the generation of autophagosomes is a definition of microautophagy [64] . Invagination of lysosomal membranes and lipid achieve microautophagy ,this pathway degrades protein and organells [65] . In microautophagy, lysosomes directly engulf small pieces of the cytoplasm by inset invagination of the lysosomal membrane [66] itself and subsequent budding of vesicles into the lysosomal lumen [67] . Microautophagy also involves the direct engulfment of organelles, for instance the peroxisome and the nucleus [68] . Proteins can enter the lysosome through the microautophagy where cytosol becomes entrapped inside the intraluminal vesicles of MVBs [69] . There are two forms lysosomal selfeating conserved in eukaryotic cells micoautophagy and macroautophagy, and not only macroutophagy but also microautophagy are regulated by GTPases [70] . A decrease in microautophagic structures correlates with a decrease in protein turnover not only during starvation but also in response to refeeding in hepatocytes and the appearance of microautophagic structures has been shown to be dependent on ATP and micro-filaments in mammalian cells, showed in vivo studies [71] .
Chaperone-Mediated Autophagy (Cma)
Chaperone-Mediated Autophagy (CMA) is one of the selective type of autophagy by which specific cytosolic proteins are sent to lysosomes for degradation [72] . Chaperone-mediated autophagy is activated in response to cellular stressors, such as oxidative stress, starvation, or exposure to toxic compounds that induce protein damage, hypoxia, lipogenic stressors, to prevent cellular proteotoxicity through selective degradation of altered proteins in lysosomes [73] . Chaperone-mediated autophagy delivers select proteins with a pentapeptide CMA-targeting motif into the lysosome mediated by their binding with the chaperone Hsc70 and the interaction with lysosome-associated membrane protein type 2A (Lamp-2A), a lysosomal membrane receptor [74] and this amino acid motif (KFERQ); the targeting sequence is found to be glutamine (Q) flanked at either end by a hydrophobic (F, I, L, V), an acidic (E, D), a basic (R,K), and the second hydrophobic or basic amino acid, is selective degradation of cytosolic protein bearing certain consensus [75] . The selective recognition of cargo by cytosolic chaperones and the fact that substrates are not engulfed, but, instead, translocated across the lysosomal membrane in a receptor mediated manner distinguishes CMA from other forms of autophagy [76] . CMA is different from other autophagic processes in terms of two main features, this features are the fact that individual proteins can be separately selected for degradation through this pathway, and the need for this autophagic cargo to undergo complete unfolding before they can reach the lysosomal lumen [77] . Basal levels of CMA activity are detectable in almost all cells and contribute to the maintenance of cellular homeostasis, as well as to specialized functions depending on the cell type and substrate degraded such as CMA has been shown tobparticipate in antigen presentation, regulation of cellular growth, modulation of neuronal survival and control of specific transcriptional programs in response to nutritional challenges [78] . It is only described in mammals. CMA is linked by aging and aging associated disease such as neurodegenerative disease (Figure 8 ). 
Starvation-Induced Autophagy
When cells from rapidly proliferating cultures, they are exposed abruptly to starvation then they undergo starvation-induced autophagy and this process has been regarded as an unspecific bulk degradation process [80] . Allowing the cells to survive by degrading the intracellular protein and lipid cargo and recycling the amino and fatty acids to generate ATP makes autophagy an adaptive mechanism during nutrient deprivation [81] . Starvationinduced autophagy supplies Lipid Droplets (LDs) with Fatty Acids (FAs). During acute starvation in mammalian cells, autophagy is redundant for supplying mitochondria with FAs to maintain oxidative respiration [82] . Starvation-induced autophagosomes seemed to sequester the cytoplasm randomly [83] . Autophagosomes to engulf cytosol or organelles, which are after degraded by lysosomes and nutrients are released, are caused by starvation based autophagy [84] . During starvation-induced autophagy, lysosomes are enlarged and form punctate structures [85] . Starvation represents a stress for the brain requering a constant supply of energy, suggesting that starvation-dependent autophagy in the brain may represent an important pathway to sustain brain homoeostasis [86] (Figure 9 ). 
Mitophagy
Mitophagy, a form of autophagy that selectively targets damaged mitochondria, is particularly important for the regulation of cell death, as defective mitophagy causes mitochondrial dysfunction, leading to mitochondrial damage and toxic ROS (reactive oxygen species) production, which finally may result in cell death [88] . Mitophagy, is an important mechanism of mitochondrial quality control in physiological and pathological conditions [89] . Mitophagy protects against release of proapoptotic proteins, generation of toxic Reactive Oxygen Species (ROS) and futile hydrolysis of ATP by aged, damaged and depolarized mitochondria [90] . Mitophagy protects and preserves a well-functioning population of mitochondria and allows the cell to reduce the ongoing contribution of damaged mitochondria to overall cellular oxidative stress [91] . Mitophagy has two distinct variants, these distinct variants are called Type-1 (nutrient deprivation-induced mitophagy) which preautophagic structures grow to envelop and sequester mitochondria into mitophagosomes, Type-2 (photodamage-induced mitophagy) cupshaped phagophores do not appear to form, and mitochondrial fission is absent. [92] . Remarkably, mitophagy can also play a key physiological role by providing for the developmental maturation of reticulocytes as well for the exclusive maternal inheritance of mt DNA upon oocytes fertilization [93] .
In mammals, mitophagy is crucial in programmed mitochondrial clearance during differentiation of reticulocytes and T lymphocytes [94] .Mitophagy that degrades mitochondria can prevent or slow the accumulation of malfunctioning mitochondria, which are thought in turn to underlie central aspects of the aging process in eukaryotic organisms [95] . Direct experimental confirmation of a role of autophagy in removing damaged mitochondria comes in experiments in which selected mitochondria inside living hepatocytes are subjected to laserinduced photodamage [96] . The anti-autophagic action of melatonin relates to the capability of this indoleamine to reduce ROS, because in these cases the autophagic processes involve the removal of damaged mitochondria; thus, the anti-autophagic properties described are mainly mitophagy [97] . Mitophagy have a protective role in mitochondrial diseases, however quiete a lot mitophagy can cause bioenergetics collapse of the cell [98] .
Mitochondrial fusion and fission dynamics can play an crucial role in determining the rate of mitophagy, since fragmented and dysfunctional mitochondria are more probable to be labeled and ubiquinated for degradation [99] . There is little information about mitophay's pathway. Mitophagy is regulated by the kinase P1NK1 and ubiquitin ligase Parkin [100] . The PINK1-Parkin pathway is important in regulating clearance of dysfunctional mitochondria [101] (Figure 10 ). 
Aggrephagy
The term aggrephagy was coined by the group of Seglen and co-workers [103] . Aggresomes are thought not only to sequester smaller aggregates to minimise their toxicity but also to coordinate aggregate removal by autophagy, a process known as 'aggrephagy' [104] . Aggrephagy has been revealed which transports these aggregates along microtubules, first into bundles and then into compact structures, aggresome [105] . The aggregates can be degraded by the proteasome and by chaperone-mediated autophagy only after dissolution into soluble single peptide species, so protein aggregates as such are degraded by macroautophagy, the selective degradation of protein aggregates by macroautophagy is called aggrephagy [106] which is a cellular protection mechanism. Although the presence of Sph1, small Sph1 aggregates and large aggresomes are differentially targeted by constitutive and inducible autophagy, is sufficient for basal aggrephagy, inducible aggrephagy requires its ubiquitination, which diminishes protein mobility on the surface of the aggregate and favors the recruitment and assembly of the protein complexes required for autophagosome formation [107] .
Aggrephagy is regulated by NF-kB after hyperthermia and thus regulates aggrephagy induction by heat shock, aggrephagy has also been described to be regulated by p62/ SQSTM1, NBR1 (Neighbor of BRCA1 gene) and Alfy (PIP3binding autophagy-like FYVE domain protein) [108] . Accumulation of misfolded proteins and the associated loss of neurons are considered a hallmark of many neurodegenerative diseases [109] .
Pexophagy
Pexophagy is a turnover pathway in which peroxisomes are selectively degraded by the autophagy machinery in response to specific environmental cues [110] . Conversely, when the induced peroxisomes, become metabolically redundant, or are damaged, they are removed from the cytosol by autophagy-related pathways, termed macro-and microautophagy [111] . Pexophagy has two types, this types are macropexophagy, and micropexophagy. The metabolic requirements of plant peroxisomes change during development, and though obsolete peroxisomal proteins are degraded and pexophagy, the selective autophagy of peroxisomes, is an obvious mechanism for executing such degradation, pexophagy has only recently been described in plants [112] (Figure 11 ). 
Lipophagy
Cells Divide Triglycerides (TGs) and cholesterol stored in Lipid Droplets (LDs) by a form of the lysosomal degradative pathway of macroautophagy named lipophagy [114] . It has recently been suggested that mitochondrial fusion is involved with lipid droplet in the lipolytic process, so representing an alternative pathway [115] . Lipophagy, and lipolysis, play a critical role for energy metabolism during fasting [116] . Lipophagy occurs in hypothalamus during starvation. Lipophagy is the first step of lipid methabolism. This process is similar to classical protein autophagy but the target is different: LDs in the first case and protein aggregates and organelles in the second .LDs player in cellular lipid homeostasis and energy metabolism ( Figure 12 ). 
Xenophagy
Xenophagy, is an important host defense mechanism against a number of chronic intracellular pathogens [118] . Xenophagy is recognized as an crucial innate defense mechanism, espicially with respect to intracellular bacterial pathogens [119] . In this process, target is intracellular bacteria to autophagosomal membranes and engulfed into the autophagosome, then delivered to the lysosome for degradation [120] . 
ER-Phagy
Er-phagy is organelle-specific autophagy, like mitophagy and pexophagy, ribophagy. Autophagic process termed "ER-phagy" or "reticulophagy," in which damaged or excess ER formed in response to aggregated proteins is removed, is a selective [122] . Er-phagy has two subtypes, these subtypes are macro-ER-phagy and micro-ER-phagy which does not use autophagic organelles and machinery [123] . ER-phagy which selectively seizes protein aggregates containing ER fragments and returns the ER to its normal size once folding stress subsides, is suggested to provide a survival advantage in response to ER stress [124] . ER-phagy occurs after extended times of starvation or ER stress [125] . ER-phagy is: (1) an autophagic process topologically equivalent to microautophagy, (2) organelle-selective, yet (3) independent of the core autophagy machinery, and (4) independent of other components linked to microautophagy, including the EGO complex, the VTC complex, the nucleusvacuole junction and the ESCRT machinery [126] .
Ribophagy
Ribophagy is one of the specific form of autophagy involving the engulfment and targeting of bulk cytosolic fractions to the vacuole by the de novo formation of an 'isolation membrane' [127] . Ribophagy provides multiple benefits for the dormant cell, conserving the synthesis of superfluous proteins and liberating copious quantities of amino acids and nucleotides [128] . Because of containing both nucleic and amino acids in ribosome, making ribophagy an attractive source of biomolecules [129] . Thanks to ribophagy, cells save energy. At least three reasons make ribophagy is significant, this reasons are: first, it is the first evidence of a new selective form of autophagy; second, ribosomes are very stable, and it is important to understand whether ribophagy plays a role in adjusting the number and quality of ribosomes in new environmental conditions (e.g. nitrogen starvation); third, ribophagy involves de-ubiquitination enzymes that strengthen the cross-talk between ubiquitindependent processes and autophagy [130] . Ribophagy is one example of ubiquitin-dependent but proteasome-independent protein degradation involving Cdc48 [131] . Ribophagy, the selective degradation of ribosomes upon prolonged nutrient deprivation, is another type of selective autophagy [132] .
In yeast during nitrogen starvation, ribophagy degrades mature ribosomes,ribophagy allows a degradation of the 60S ribosomal subunits faster than degradation of cytoplasmic components by non-selective autophagy [133] . Presence of ribosome subunits in autophagosome-like structures suggesting that increased ribosome turnover through autophagy [134] (Figure 14 ). 
Necrosis
When cells die in response to overwhelming stress or injury, they swell and rupture in a process termed 'necrosis' [136] . Necrotic cells features are; the swelling of organelles, such as the endoplasmic reticulum and mitochondria, the rupture of the plasma membrane and the lysis of the cell, while, the nucleus becomes distended and remains largely intact [137] . Necosis has been defined accidental cell death. It was defined by the absence of morphological traits of apoptosis or autophagy. Necrosis occurs predominantly in pathological conditions and extreme physicochemical stress, such as heat, osmotic shock, mechanical stress, bacterial toxins and freeze-thawing, killing cells quickly and directly. Necrosis is generally described as a passive process because it does not require new protein synthesis, has only minimal energy requirements, and it is not regulated by any homeostatic mechanism [138] . Necrosis is usually considered to be uncontrolled but its occurrence and course might be tightly regulated after signaling-or damage-induced lesions, necrosis can include signs of controlled processes such as mitochondrial dysfunction, enhanced generation of reactive oxygen species, ATP depletion, proteolysis by calpains and cathepsins, and early plasma membrane rupture [139] . A number of study shows that necrotic cell death is carried out by complex signal transduction pathways and execution mechanisms [140] . In the case of necrosis, the inflammatory response may be caused by cytosolic constituents pouring into the intercellular space through the damaged plasma membrane [141] . Necrosis is associated with many disease such as neurodegenartive disesase.
Nimiety cytosolic Ca
2+ and ROS levels are necrosis' mediators [142] . Though cellular ROS are fundamental to cell survival and the regulation of miscallaneous signaling molecules, a high level of ROS inhibits cell growth, induces cell cycle arrest, and causes not only apoptosis but also necrosis in many tumor cells [143] . After loss of membrane integrity Ca+2 activates calpines and in VSMCs p33 cleavage occurs immediately upon necrosis. Necrosis signaling by RIP1 call for interaction with RIP3 [144] . Cells of undergoing necrosis in response to the TNF family of cytokines express RIP3 [145] (Figure 15 ). 
Anoikis
Frisch and Francis described anoikis meaning homelessness is ancient Greek word in 1994. They described anoikis to the apoptotic response of adherent cells due to absence of cell-to-matrix interactions. Apoptosis induced by the loss of the attachment to the substance or to other cells. The impotence of anoikis in vivo can readily be seen when alterations that perturb its normal control are seen to enhance tumor metastasis, a process which requires cells to survive in totally inappropriate ECM environments [147] . During anoikis, cell detach from the ECM and lose survival signaling through integrings. Anoikis plays a critical physiological role in regulating tissue homoeostasis by mediating cell death in response to changes in cell-ECM interactions [148] (Figure 16 ). Anoikis was first defined in epithelial and endothelial cells. Based on several discovered mechanisms involving in anoikis, the NCCD defined anoikis as an adherent cell-restricted lethal cascade that is ignited by detachment from the surrounding matrix with the following characteristics: (i) lack of β1-integrin engagement; (ii) down-regulation of EGFR expression; (iii) inhibition of ERK1 signaling and (iv) overexpression of the BCL-2 family member BIM.
Mitochondria have a central role in the induction of anoikis [150] . Mitochondrial Intermembranous Space (IMS) contains a number of key proapoptotic factors, for example cytochrome c, triggering apoptosis if released into the cytosol. The core machinery of anoikis is identical to that of apoptosis in general, so anoikis generally depends upon Mitochondrial Outer Membrane Permeabilization (MOMP), with release of cytochrome c to generate a caspase-9-containing apoptosome that activates effector caspases [151] . Caspases cleave gelsolin and disrupt adhesion, leading to anoikis [152] .
Anoikis has been documented both in vitro; keratinocytes, thyroid cells, kidney epithelial cells, as well as in endothelial cells, and in vivo; in normal skin, in colonic epithelial tissues, in the involuting mammary gland [153] . Anoikis is essential for maintaining tissue architecture [154] .
Anoikis is a self-defense strategy that organisms use to annihilate 'misplaced' cells that are in an inappropriate location [149] . The breakdown of anoikis is expected to confer a selective advantage upon pre-cancerous epithelial cells, which afford them an increased survival time in the absence of matrix attachment, facilitating eventual reattachment and colonization of secondary sites [155] . Anoikis is critical in suppressing cancer metastasis and cancer colonization. Cancer cells develop anoikis resistance due to several mechansims, including change in integrins' repertoire allowing them to grow in different niches, activation [156] . Anoikis is structurally dependent on the cellular interactions with the ECM and the cytoskeleton rearrangement, development of anoikis resistance might be associated with these processes [157] . Protection from anoikis oncogenes can be provided expression of certain and this protection is thought to be crucial during tumorigenesis to allow cell survival outside of the natural cell microenvironment and during metastasis to secondary sites [158] . Anoikis resistance, is emerging as a hallmark of metastatic malignancies, because it can ensure anchorage-independent growth and survival during tumor dissemination [159] . Mutational inactivation of E-cadherin cause anoikis resistance [160] (Figure 17) . One of the basic impediments to the cellular healing process and represent a possible therapeutic target are likely anoikis and inhibition of cell adhesion, spreading, and growth on the extracellular matrix [162] . 
Entosis
Entosis was first described by Overholthzer et al. in 2007. Entosis is 'cell-in-cell' phenotype that is frequently exhibited by non-phagocytic cells in clinical tumor samples. Entosis, orginally described as a form of 'cellular cannibalism ', has been reported as a new cell death modality in which one cell engulfs one of its live neighbors, which then dies within the phagosome [8] . Entosis is one of the type of cell-in-cell structure, nonautophagosome-dependent lysosomal death pathway [163] . Entosis is probably explains the commonly observed 'cell-in-cell' cytological feature in human cancers and may represent an intrinsic tumor suppression mechanism for cells that are detached from extracellular matrix [164] . In entosis, live epithelial cells or tumor cells detach from ECM and then invade the neighboring cell [165] . Entosis is provoked by loss of cell adhesion to matrix, suggesting that entosis could eliminate cells during tumour formation when cells detach from the basement membrane [166] (Figure 18 ). Entosis is studied both in vitro ; cervical carcinoma, colon carcinoma, liver carcinoma, and breast cancer and in vivo. Entosis plays a crucial role in a normal physiological process, for instance embryo implantation, where trophoblast cells occupy this mechanism to efficiently remove the epithelial barrier for implantation [167] . It is unclear if entosis only a means for cell elimination or if cannibalism of the invading cell provides an advantage to the host cell, perhaps through nutrient recycling during metabolic stres [168] . In entosis involve in ROCK activity.
Entosis describes a 'live cell invasion'. This cell death mechanism is initiated by an usual process involving the invasion of one live cell into another, followed by the degradation of internalized cells by lysosomal enzymes [169] . The internalized cells' predominant fate is lysosome-mediated degradation and non-apoptotic cell death in entosis [170] . Live cells in entosis, cannibalism has provided more broad selection for internalized cells, both live and dead sibling cells or lymphocytes into target cells [171] . Sibling tumor cells can undergo entosis in suspension cultures, a process related the heaping up of actomyosin in only one cell of a couple cell, demonstrating that "winner" engulfing cells and "loser" engulfed cells cell status can be dictated by transient differences between isogenic cells [172] . Entosis, the target cells wrap the invading cells with a cytoplasmic membrane to create a starvation environment (entotic vacuole), through the recruitment of heterophagic molecules [171] competition by entosis leads to the physical elimination of the 'loser' cells, succumbing to non-apoptotic cell death as soon as the phagosome enveloping the engulfed cell is decorated with LC3 (Light Chain 3) and then fuses with lysosomes [173] . Entosis indicate the invasion of a target cell into its non-phagocytic host, in which detachment from the extracellular matrix can promote homotypic cell-in-cell structures to form in normal and tumor cells [174] . Entosis describes a 'live cell invasion'. Entosis is up to the calcium-dependent cell adhesion protein, E-cadherin , which transduces a contractile force both the actomyosin cytoskeleton and the plasma membrane [175] . In the case of entosis, the predominant fate of the wraped cells is lysosome-mediated degradation and non-apoptotic cell death [176] ( Figure 19 ). 
Netosis
Steinberg et al, demonstrated by single cell analysis that NETs arise from a subset of neutrophils undergoing a new form of cell death , named NETosis [178] . Netosis is one of these mechanisms and occurs with the release of a scaffold of chromatin associated with different granular and intracellular proteins, named Neutrophil Extracellular Traps (NETs) [179] . NETosis is an antimicrobial cell death modality. NETosis occurs only in tissue parenchyma but not in the vasculature [180] , presumably to limit widespread and potentially pathogenic dissemination of NETs [178] . Netosis might be defined as a cell death subroutine that is : (i) restricted to granulocytic cells ; (ii) insensitive to (and perhaps depent on) caspsase inhibition ; (iii) insensitive to necrostatin ; (iv) depent on NADPH oxidase-mediated superoxide generation ; and (v) depent on (components of ) the autophagic machinery [21] . The process of NETosis receives its name from the formation of Neutrophil Extracellular Traps (NETs), the release of nuclear chromatin from neutrophils following stimulation by inflammatory or infectious stimuli [181] . NETosis is known to contain autophagy, leading in some cases to massive vacuolization of cellular contents and in others to the sequestration of proinflammatory factors [182] . NETosis has two major subtype and these types are ; NOX-independent NETosis and NOX-dependent NETosis [183] . NETosis has been described autoimmune disease such as sepsis, thrombosis, cystic fibrosis, and acute respiratory distress syndrome, rheumatoid arthritis and diabetes.
Netosis which is different from apoptosis and necrosis is a complex process that differs in details depending on the stimulus and occurs with dramatic changes in the morphology of the neutrophil cell that finally lead to cell death [184] . NETosis is one of the capaseindependent cell death mechanism. Morphologically features of the NETosis are loss of intracellular membranes before the integrity of the plasma membrane is compromised [185] . NETosis is related disintegration of the nuclear envelope and mixing of nuclear and cytoplasmic material, loss of internal membranes, and disappearance of cytoplasmic organelles [186, 187] (Figure 20) . NETosis is dependent on the production of Reactive Oxygen Species (ROS) and the decondensing of the nuclear DNA catalyzed by peptidyl arginine deiminase-4 [188] . NETosis can be triggered various neutrophil receptors, as binding via 
Pyrpoptosis
The meaning of pyre is 'fire', the meaning of 'ptosis' is falling and this two word come from Greek. The term 'pyroptosis' has been introduced by Cookson and colleagues to describe necrotic-like cell death that depends on caspase-1 activation, which has an essential role in the proteolytic activation of pro-IL1ß, which once released, acts as a pyrogen [190] . It was first discribed in macrophages infected with Salmonella typhimurium and also Pyroptosis is induced in response to numerous pathogens including Shigella, Listeria, Legionella, Pseudomonas, Mycobacterium, Yersinia, Burkholderia, and bacterial products flagellin and B anthracis Lethal Toxin (LT) [191] . Pyroptosis is a form of programmed lytic cell death associated with antimicrobial responses during inflammation [192] .
Pyroptosis shares features with both apoptosis and necrosis. Pyroptosis' distinctive biochemical feature is the apical activation of caspase-1, and it also occurs in cell types other than macrophages (such as dendritic cells and perhaps colonic epithelial cells) and in response to nonbacterial triggers [193] . Pyroptosis features rapid plasma-membrane rupture and release of proinflammatory intracellular contents [194] . Pyroptotic cells lose their mitochondrial membrane potential and undergo DNA fragmentation and nuclear condensation and, like apoptotic cells, show positive TUNEL staining [195] . Furthermore, pyroptosis results in cell lysis via the caspase-1-dependentformation of plasma membrane pores leading to leaking of cytosolic cellular components [196] . The cellular mechanisms of pyroptosis distinct from classical apoptotic pathway. Caspase-1 is activated within the "inflammasome" a cytosolic multiprotein complex assembled in response to cytosolic PAMPs or host-derived DAMPs. Caspase-1 activation results in proinflammatory cytokine processing, in addition the cleavage of a number of additional substrates such as procaspase-7 and glycolysis enzymes. Downstream of caspase-1 that ultimately result in cell lysis and death are still unknown. Pyroptosis shares some features with necrosis (such as loss of plasma-membrane integrity and release of intracellular contents) and others with apoptosis (including DNA fragmentation and nuclear condensation) [197] (Figure 21 ). [198] .
Pyronecrosis
Pyronecrosis is caspase-independent and calls for the inflammasome component apoptosis-associated speck-like protein containing a CARD (ASC) and the lysosomal protease cathepsin B [199] . Pyronecrosis promotes and the release of HMGB1, a cellular DAMP , high multiplicity of infection with S. flexneri, K. pneumoniae and N.Gonorrhoeae induces pyronecrosis [200] . An important feature of bacteria-induced cell death in macrophages is the implication of caspase-1, which result in apoptosis associated with inflammation, through the secretion of IL-1β and IL-18 [201] . Pyronecrosis is another pathogen-induced cell death mode in which cell membrane permeabilization occurs independently of caspase-1, however coinciding with caspase-1 activation and IL-1β release [202] . Pyronectocis cell's features are membrane permeabilisation and release of the inflammatory protein, HMGB1, but caspase-1 cleavage is not detected [203] . Pyronecrosis has the same morphological characteristics of necrosis, and they are caspase-and RIP kinase1-independent but cathepsin-B-dependent [204] . Necrotic cell death by pyronecrosis in itself can cause and exacerbate the neutrophilic inflammatory response, is showed in vivo studies [205] . Pyronecrosis features are consistent with necrosis and include membrane degradation and uncondensed chromatin; loss of plasma membrane integrity, mitochondrial membrane maintained, no chromatin condensation [206] . Lysosomal membrane permeabilization in the cellular response to bacterial pathogens and prove a shared demand for cytosolic relocalization of cathepsins in pyroptosis and pyronecrosis [190] . Cryopyrin as a significant regulator of pathogen-induced necrotic-like death, a process which has been proposed to play an crucial role in the pathogenesis of a myriad of infectious diseases, which call pyronecrosis [207] .
Excitotoxicity
In 1969, Olney introduced the term "excitotoxicity" in his study on the effect of monosodium glutamate on brain functions in mice, to describe the neuronal death caused by excessive, or prolonged activation of receptors for the excitatory amino acids, among which glutamate plays the key role [208] . This is a form of cell death occurring in neurons challenged with excitatory amino acids, such as glutamate, that leads to the opening of the N-methyl-D-aspartate Ca 2+ permeable channel, followed cytosolic Ca 2+ overload and activation of the lethal signaling pathways [10] . An excessive activation of neuronal amino acid receptors is expression of excitotoxicity [209] . Excitotoxicity damaging dendrites and synaptic connections generate free radicals and lipid peroxidation products [210] . Excitotoxicity triggers complex signal transduction events that induce the neuronal death program among them, activation of the c-Jun N-Terminal Kinase (JNK) pathway has a key role [211] (Figure 22 ). Excitotoxicity is considered to be a major mechanism of cell death in diseases such as stroke, central nervous system trauma, epilepsy, Alzheimer, Amyotrophic Lateral Sclerosis and chronic degenerative disorders. 
Wallerian Degeneration
Axon degeneration in disease shares features with the progressive break down of the distal segment of severed axons as described by Augustus Waller in 1850 and this mechanisms which was named Wallerian degeneration [213] . The mechanism of Wallerian degeneration, like that of other forms of localized axonal degeneration [214] . Wallerian degeneration occurs after axonal injury in both the Peripheral Nervous System (PNS) and Central Nervous System (CNS) but there are significant differences in Wallerian degeneration between the two nervous systems. Wallerian degeneration occurs when there is a disruption of the axon. In all white matter disorders, wallerian degeneration plays crucial role. A lesion which the axons involved maintain passively brings about Wallerian degeneration, the characteristic sequence of events, in vivo or in vitro, does not differ significantly from that in developmental axon degeneration [215] . Axon degeneration causes diseases such as amyotrophic lateral sclerosis, multiple sclerosis and Alzheimer's disease.
During WD, Immune cells (monocytes/macrophages, T and B lymphocytes, dendritic cells, neutrophils) and resident non-neuronal cells (microglia and astrocytes in the CNS and
Schwann cells in the PNS) highly regulate an important inflammatory reaction [216, 217] (Figure 23 ). The intrinsic degeneration of detached distal axons has been identified as the key event in Wallerian degeneration, triggering a cascade of non-neuronal cellular responses leading to clearing of inhibitory debris in the peripheral nerve and to the production of an environment supporting axon regrowth for months after injury [218] . Functional recovery depends on successful regeneration of the severed axons throughout distal nerve segments that undergo Wallerian degeneration [219] . Wallerian degeneration, Schwann cells and macrophages, communicate via cytokine networks, controlling phagocytosis and growth factor release so preparing the distal stump for axonal regeneration [220] . 
Parthanatos
A portmanteau term (parthanatos) derived from 'par' (for PAR polymer, synthesized following PARP-1 activation), and 'Thanatos,' the personification of death in Greek mythology [221] and the term "parthanatos" was first used by the Dawson group [222] . According to a cell death nomenclature committee, parthanatos is defined by two main criteria; one of these is excessive PAR polymer synthesis should accompany cell death; the other is the cell death should be completely or partially prevented by PARP-1 deletion or inhibitor [223] . PAR is responsible for induction of parthanatos, a mechanism for caspase independent cell death, Apoptosis-İnducing Factor (AIF) release from mitochondria triggers parthanatos and its translocation to the nucleus, where it initiates DNA cleavage [224] . Parthanatos is a unique form of cell death that occurs across organ systems, which is primarily mediated by toxic accumulation of PAR in cytosol from over activation of PARP-1 [225] . Parthanatos shares cytological and morphological features of apoptosis and necrosis, but is the result of a distinct molecular mechanism [226] and other cell death pathways [227] . PARP-1 overactivation mediates cell death under different pathological conditions, including ischaemia/ reperfusion injury glutamate excitotoxicity, oxidative stress, inflammation and in models of Parkinson's disease [228] .
There are four key steps which involve in the molecular mechanism of parthanatos: PARP-1 activation, PAR polymer formation, mitochondrial AIF release and nuclear translocation, and AIF-mediated chromatin condensation/DNA fragmentation [229] . Intracellular calcium elevation and ROS production have mutual amplification effects and so contribute to PARP-1-mediated parthanatos [230] . In parathantos, AIF is a critical mediator for PARP-1 [poly(ADPribose) polymerase-1]. AIF the key incident release from the mitochondria and translocation to the nucleus, followed by chromatin condensation, largescale DNA fragmentation and subsequent cell death. For mild damage, PARP1 and partner proteins are able to resolve the DNA strand breaks ensuring cell survival, but for massive damage, a combination of processes leads to Parthanatos which is a necrotic form of cell death [231] (Figure 24 ). 
Paraptosis
Paraptosis is programmed cell death and it is morphologically and biochemically different from apoptosis. Paraptosis are one of the caspase dependent PCD and it is main defferance between apoptosis and paraptosis. Paraptosis is a form of non-apoptotic cell death characterized by a process of a swelling and vacuolization process [233] that begins with the physical enlargement of mitochondria and the Endoplasmic Reticulum (ER) [234] . Paraptosis is associated with insulin-like Growth Factor I Receptor (IGFIR). This form of programmed cell death is characterized by cytoplasmic vacuolation, lack of apoptotic morphology, lack of caspase activation, lack of inhibition by caspase inhibitors (p53, zVAD.fmk , xiap, and Boc-aspartly fmk) and Bcl-xL , and by a requirement for new gene transcription and translation [235] . During paraptosis; mitochondrial changes and endoplasmic reticulum swelling are late events, cellular homoeostasis mechanisms act to expel an excess of intracellular ions through the ATPase pump, Caspase-9 can activate in an Apaf-1-independent manner and without apoptosome formation [236] (Figure 25) . Apoptosis, paraptosis and necrosis was compared with respect to chromatin condensation, DNA fragmentation, mitochondrial swelling, caspase-3 activity and the effect of apoptosis inhibitors [237, 238] . Paraptosis typically does not answer to caspase inhibitors nor does it involve activation of caspases, formation of apoptotic bodies, or other characteristics of apoptotic morphology [239] . Paraptosis appears to occur during the development of the nervous system, as well as in some cases of neurodegration [240] . The mechanism by which paraptosis is induced by ionic disregulation via prolonged BK channel activation [237] .
Translation and transcription inhibitors did not inhibite in paraptosis, it is requires protein synthesis. Paraptosis' exact pathway is unclear. Paraptosis has been described to be mediated by mitogen-activated protein kinases and the TNF receptor family member TAJ/ TROY can trigger paraptosis [203] .
Cornification
Cornification is a progammed cell death. Cornification morphologically and biochemically distinct from apoptosis. Cornification is a sophisticated mechanism of programmed cell death, whose features is the elimination of nucleus and mitochondria, and destruction of cell organelle and so on [241, 242] . Cornification which occurs simultaneously in the different suprabasal layers of the epidermis and calls for the consecutive expression of typical differentiation-associated proteins is a slow coordinated process that takes about 2 weeks [243] . Cornification also occurs in vaginal epithelial cells, vaginal epithelial cornification involves two independent processes,both epithelial proliferation and differentiation [244] . Vaginal corfinication is caused by estrogen. Cornification of the skin is a highly regulated temporal and spatial process of terminal differentiation of keratinocytes where the resultant dead cells form a barrier in the uppermost layer of the skin. Cornification is associated with a number of clinically diverse skin disorders [245] .
Cornification comprises three key elements, (1) the replacement of intracellular organelles and intracellular content by a compact proteinaceous cytoskeleton, (2) the cross-linking of proteins at the cellperiphery to form a cornified cell envelope, and (3) the linkage of corneocytes into a multicellular, functional but biologically dead structure [246] . Cornification does not require the canonical apoptosis mediators, but skin development by cornification requires caspase-14, a nonapoptotic caspase expressed exclusively in the cornifying epithelial cells and activated during cornification [247] . Hyperproliferation and abnormal differentiation disrupt the process of cornification, break down epidermal homoeostasis, and increase epidermal turnover and thickening, which include hyperkeratosis [248] . It leads to the formation of the cornified envelope (or corneocyte), a dead keratinocyte containing an amalgam of specific proteins (e.g. loricrin, SPR, involucrin) and lipids (e.g. fatty acids, ceramides), required for the function of the cornified envelope (mechanical resistance, elasticity, water repellence, structural stability) [16] (Figure 26 ). 
Mitotic Catastrophe
The term 'mitotic catastrophe 'is used to explain a mechanism of a delayed mitotic-linked cell death, a sequence of events that results from premature or inappropriate entry of cells into mitosis that can be caused by chemical or physical stress [249] . Mitotic catastrophe is a cell death mode occurring either during or shortly after a dysregulated/failed mitosis and can be accompanied by morphological alternations including micronucleation (which often results from chromosomes and/or choromose fragments that have not been distributed evenly between daughter nuclei) and multinucleation (the presence of two or more nuclei with similar or heterogeneous sizes, deriving from a deficient separation during cytokinesis) [10] . Aberrant mitosis which shown by asymmetric and giant nuclei indicates mitotic catastrophe [250] . Mitotic catastrophe also resulted in caspase activation, chromatin condensation, mitochondrial release of pro-apoptotic proteins (cytochrome c or AIF) and DNA fragmentation [251] . Unique nuclear alterations that lead to multinucleation and/or micronucleation and are used as morphological markers for detection are characteristic features of the mitotic catastrophe [252] . Mitotic catastrophe serves as an oncosupressive mechanism senses aberrant mitosis, driving cells irreversibly to apoptosis, necrosis or senescence. Mitotic catastrophe is induced by various DNA-damaging or microtubule-destabilising agents, including antitumor drugs or ionising radiation [253] . The 2012 Nomenclature Committee on Cell Death was in accordance with this definition and attributed a set of features to mitotic catastrophe: (i) perturbations of the mitotic apparatus initiates mitotic catastrophe; (ii) during the M phase of the cell cycle initiates mitotic catastrophe; (iii) it is paralleled by some degree of mitotic arrest; and (iv) ultimately triggers cell death or senescence [254] .
Mitotic catastrophe has three different ways: (i) during 'mitotic death', a mitotic derangement results in the activation of the cell death machinery in the presence of elevated cyclin B1 levels, that is, when cells have not yet exited mitosis, (ii) mitotic catastrophe can trigger a lethal pathway that is not executed until cells reach interphase of the next cell cycle and in this case, cell death can occur quickly, within hours after mitotic exit, or in a delayed fashion, as exemplified by the 'delayed radioinduced cell death' that can occur years after, (iii) in a limited number of instances, the damage signal that emanates during aberrant mitosis and engages mitotic catastrophe does not result in cell death, however senescence, an irreversible cell cycle arrest that also precludes the amplification of genomically unstable cells [255] (Figure 27 ). 
Necroptosis
Necroptosis is one of the caspase independ cell death mechanism. Necroptosis is one form of regulated necrosis, and its execution requires the assembly of the necroptosome containing the receptor-interacting protein kinase 1 (Rip1) and 3 (Rip3) [256] and MLKL. Necroptotic cells are described by necrotic morphology and concomitant absence of caspase-3 activation, which cannot distinguish between different types of necrotic cell death [257] . Necroptosis has similar necrotic cell morfology rounding of the cell, cytoplasmic swelling, rupture of the plasma membrane and spilling of the intracellular content [258] . Necroptosis is highly pro-inflammatory owing to the release of pro-inflammatory cytokines and damage associated molecular patterns [259] . Necroptosis occurs in the absence of caspase activity and is regulated by the activity of a multi-protein complex called necrosome [260] . Necroptosis engages of the extrinsic pathway in the absence of caspase-8 can result in a necrotic cell. Necroptosis occurs in models of neuronal ischemia and traumatic brain injury [261] .
Necroptosis is a best understood caspase-independent regulatory necrosis, initiated by TNFα-TNFR1, FasL-Fas or Toll-like receptor pathway when apoptosis is blocked, requiring involvement of receptor interaction protein kinase 1 and 3 (RIPK1 and RIPK3) [262] . Different cellular stimuli (e.g., TNF, FAS ligand, TRAIL ligand, double-stranded RNA, interferon-γ (IFN-γ), ATP and pathogens) have been shown to induce necrosis that follows defined signaling events reminding of a cell-death program [196] . Rip1 involvement has been identified in both apoptosis and necroptosis, Rip3 appears to participate solely in necroptosis [263] (Figure 28 ). 
Ferroptosis
Ferroptosis is an iron-dependent necrotic type of cell death that occurs owing to lipid peroxide accumulation, which routinely is prevented by glutathione peroxidase 4 (GPX4), a glutathione(GSH)-dependent enzyme, and so depends on the functionality of a glu/cys antiporter in the plasma membrane referred to as system Xc-minus [265] . Ferroptosis is a necrotic type of cell death which is characterized by iron dependence, the iron chelator, deferoxamine and iron-dependent accumulation oflipid peroxides also inhibite this type of cell death [266] . Ferrotopsis which is a caspase independent cell death requires iron-depend production of Reactive Oxygen Species (ROS) , involves Nicotin-Amide Adenine Dinucleotide Phosphate (NADPH)-dependent oxidases and lipid peroxidation, and is associated morphologically with the presence of shrunken, electron-dense mitochondria [267] and also The oncogenic RAS-selective lethal small molecule erastin triggers a unique iron-depend form of non-apoptotic cell death that named ferroptosis [268] . Iron is essential to proper cell function, an excess of free Fe +2 can cause the generation of Reactive Oxygen Species (ROS) based on the Fenton reaction, provoking oxidative cell damage [269] . Ferroptotic cells features are; cell membrane: lack of rupture and blebbing of the plasma membrane; rounding-up of the cell, Cytoplasm: small mitochondria with condensed mitochondrial membrane densities, reduction or vanishing of mitochondria crista, as well as outer mitochondrial membrane rupture, Nucleus: normal nuclear size and lack of chromatin condensation.
Ferroptosis has many inducers, this inducers are Erastin, RSL3 and RSL5, Buthioninesulfoximine, Acetaminophen, FIN, Lanperisone, Sulfasalazine, Sorafenib, Artesunate. Ferroptosis has negative regulators and positive regulators. Negative regulators are: Glutathione peroxidase 4, heat shock protein beta-1, and nuclear factor erythroid 2-related factor 2 function as negative regulators of ferroptosis by limiting ROS production and reducing cellular iron uptake, respectively and positive regulators are NADPH oxidase and p53 (especially acetylation-defective mutant p53) act as positive regulators of ferroptosis by promotion of ROS production and inhibition of expression of SLC7A11 (a specific light chain subunit of the cystine/glutamate antiporter),successively [270] (Figure 29 ). 
Oncosis
Oncosis, derived from the Greek word "swelling," because of the pathway characterized by cell swelling, is the common pattern of change in infarcts and in zonal killing following chemical toxicity, e.g., centrilobular hepatic necrosis after CC14 toxicity [272] . Oncosis is one of the nonapoptotic form of cell death. Morphologic and molecular characterization of oncotic cell are generalized organelle swelling and loss of plasma membrane integrity [273] . Oncosis can be defined as follows; 1), oncosis is a form of cell death accompanied by cellular swelling, organelle swelling, blebbing, and increased membrane permeability; 2), its mechanism is based on failure of the ionic pumps of the plasma membrane; 3), it is caused, typically, by ischemia and possibly by toxic agents that interfere with ATP generation or increase the permeability of the plasma membrane; 4), it evolves within 24 hours to typical necrosis; 5), it is usually accompanied by karyolysis; 6), it can be diagnosed by tests of permeability on whole cells, both in suspension (by dye exclusion tests) and by electron microscopy (using a colloidal marker); 7), the DNA breaks down in a nonspecific fashion; and 8), the cellular changes (increased permeability of the plasma membrane, cell swelling, organelle swelling and vacuolization, and simultaneous protein denaturation and hydrolysis) can only be hinted at by ordinary histological techniques [274] . If cells are exoposed to lower concentrations of drugs such as cisplatin, etoposide, arsenic trioxide or doxorubicin, they undergo apoptosis, but at higher doses ther undergo oncosis [275] . In oncosis, cellular energy depletion following metabolic insults-, for instance severe ischemia produces dramatic reductions in mitochondrial respiration and ATP synthesis, resulting in a loss of ionic homeostasis and cellular swelling, since the mitochondrial generation of ATP calls for the presence of an electrochemical gradient, a reduction in mitochondrial membrane potential may precede the morphologic changes seen in apoptotic and oncotic cell death [276, 277] (Figure 30 ). Oncosis comprises the prelethal phase that follows a lethal cell injury such as complete ischemia or the effects of many chemical toxins [278] .
Figure 30:
The feature of apoptosis, oncosis,necrosis [277] .
Methuosis
There are several forms of caspase-independent cell death and methuosis is one of them, like oncosis, paraptosis. Methuosis involves an induction of macropinocytosis, where the cells take up increased amounts of extracellular fluid, combined with defects in the endocytic trafficking pathway that lead to a vast accumulation of intracellular vacuoles. Methuosis, a form of cell death seen merely in neuronal cell types, is owing to micropinocytosis which iscaused by activated Ras [279] . A specified form of cell death called "methuosis" (meaning to drink to intoxication) results vacuoles accumulated within the cytosol finally disrupt cell membrane integrity [280] , and It is categorised by this feature. This raises the possibility that the explanation for the differential sensitivity to methuosis could reside both at the level of induction of macropinocytosis and at the level of intracellular trafficking or membrane channel function, in which genes connected to this signaling pathway in our study are mostly up-regulated [281] . The recycling of macropinosomes into the plasma membrane should be impaired during methuosis because the inactivation of another small GTPase, Arf6, which is required for this recycling process, is also observed during cell death [282] . Methuosis could also explain the apparent paradox that nucleolin, a malignancy-associated protein that is overexpressed in cancer cells, is a negative regulator of a process that is typically related cancer progression [283] . Methuosis can be triggered with radiation and drugs that cause DNA damage, prompting the cell to shrink and disintegrate, this new form of cell death causes the cell to take on liquid until it explodess (Figure 31 ). 
Conculsion and Perspective
In this book we have focused on cell death mechanisms. If these mechanisms are damaged by any reason it causes disorders such as cancer. Cancer biologist's piority aim is to kill cancer cell and then some questions appears; how, when, can we die another way, are all mechanisms really distinct from each other, is there any similarity all mechanisms. This questions shaped our book. Increasing number of study, reviews and research articles, showed us we are the not only thinks this way. It is obvious that it will be found new cell death mechanisms and I think all disorders will be diagnosed by their unique cell death mechanism. Better understanding of the mechanisms of cell death will benefit from the discovery of new diagnostic methods, drug discovery, the discovery of new therapies. 
